Understanding the link between ethnicity and health is critical to making appropriate public policy decisions. Few population-level data are available about this connection, however, including the influence of ethnicity on the association between age-related macular degeneration (AMD) and vision-specific functioning (VSF).
Studies of populations in the West 3, 4 and in Asia 5, 6 have consistently shown AMD to be associated with poorer visionrelated quality of life. For example, in a recent clinical study in Singapore, patients with neovascular AMD had independent reductions in the reading (by 21%), mobility (by 14%), and emotional well-being (by 44%) subscales of the Impact of Vision Impairment Questionnaire compared with control patients without AMD. 5 However, whether there are ethnic differences in the effect of AMD on quality of life is unknown. A qualitative study by Xie and colleagues 7 involving Malay, Chinese, and Indian patients in Singapore with knee osteoarthritis found important ethnic differences in themes associated with mental and social health. Similarly, ethnic variations in well-being have been found among Hispanic, non-Hispanic white, African American, and Asian Indian individuals with type 2 diabetes 8 and among black, Hispanic, and white patients who are cancer survivors. 9 Understanding the link between ethnicity and health in population-based studies 10 is important in identifying eye health disparities, promoting legislation associated with community eye health, and more effectively allocating visionspecific resources. 11 Few data, however, are available on the effect of AMD at a multiethnic level from a population perspective, and none, to our knowledge, that compare these corrrelations in the 3 major Asian ethnic groups of Chinese, Malay, and Indian individuals. 6 Because rates of eye diseases, use of eye care services, 12, 13 illness perception, help-seeking attitudes, 14 and cultural or religious beliefs and habits vary across ethnic groups, we hypothesized that there may be ethnic differences in the association between AMD and visionspecific functioning (VSF). Using data from the Singapore Epidemiology of Eye Diseases (SEED) study, we investigated whether the association between AMD and VSF varied across Chinese, Malay, and Indian ethnicities.
Methods

Study Population
The population-based, cross-sectional SEED study conducted in Singapore includes the Singapore Malay Eye Study (SiMES) (2004) (2005) (2006) , the Singapore Indian Eye Study (SINDI) (2007) (2008) (2009) , and the Singapore Chinese Eye Study (SCES) (2009) (2010) (2011) . 15 Baseline data collection is complete for all 3 studies; 6-year follow-up data collection is complete for SiMES and SINDI and is still under way for SCES. For the present study, an age-stratified random sampling strategy was used to select adults aged 40 to 80 years in each ethnic group (Malay, Indian, and Chinese) who were part of the baseline phase of the SEED studies. Overall, 4168 Malay, 4497 Indian, and 4605 Chinese individuals were identified and invited to participate in the study, of whom 3280 Malay (78.7%), 3400 Indian (75.6%), and 3353 Chinese (72.8%) individuals participated (N = 10 033). Data were collected between January 20, 2004, and December 19, 2011; data analysis was conducted between November 12, 2015, and December 28, 2016. The study was approved by the Singapore Eye Research Institute Institutional Review Board. All participants gave written informed consent, and the study adhered to the Declaration of Helsinki. 16 
Assessment and Definitions of AMD
Fundus photographs were taken of each participant using a digital retinal camera (Canon CR-DGi with digital 10D SLR camera backing; Canon) following pupil dilation. Two-field color photographs were taken for each eye-one centered on the optic disc and the other on the fovea-according to the Early Treatment for Diabetic Retinopathy Study guidelines. Of the 10 033 participants in SEED, 9962 (99.3%) had gradable fundus photographs for AMD signs and had Visual Function Index (VF-11) questionnaire data. Participants' AMD was graded at the University of Sydney Westmead Hospital by the same graders from the Blue Mountains Eye Study 17 and using the modified Wisconsin Age-Related Maculopathy Grading System. 18 Early AMD was defined as the presence of any soft drusen and increased or decreased retinal pigment or as the presence of large soft drusen (≥125 μm in diameter) with a large drusen area greater than 500 μm in diameter or large (≥125 μm) indistinct soft drusen in the absence of signs of late AMD. Late AMD was defined as the presence of geographic atrophy or exudative macular degeneration or both.
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Vision and Other Assessments
Visual acuity (VA) testing and a detailed clinical slitlamp examination were performed according to a standardized protocol. Visual acuity was measured uniocularly using a log-MAR vision chart (Lighthouse International) at a distance of 4 m. If the participant could not read any numbers at 4 m, the participant was moved to 3, 2, and then 1 m. If the participant could not identify any numbers on the chart, the participant's VA was assessed as counting fingers, hand movements, perception of light, or no perception of light. Presenting VA (PVA) was measured with participants wearing their habitual optical correction (spectacles or contact lenses). Diabetic retinopathy was graded from retinal photographs by using the modified Airlie House classification system from the Early Treatment for Diabetic Retinopathy Study.
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Glaucoma was diagnosed and classified using the International Society of Geographic and Epidemiologic Ophthalmology scheme based on gonioscopy, optic disc characteristics, and visual fields results. 21 Clinical assessment of lens status and the presence of aphakia or pseudophakia were determined with a slitlamp. Trained interviewers fluent in Malay, Tamil, and Mandarin administered questionnaires to collect sociodemographic characteristics, family and medical history, and lifestyle factors. Two measurements of systolic blood pressure and diastolic blood pressure were taken using a digital automatic blood pressure monitor (Dinamap Pro Series DP110X-RW; GE Medical Systems Information Technologies, Inc), and a third measurement was obtained if the 2 previous systolic blood pressure or diastolic blood pressure readings differed by more than 10 mm Hg or 5 mm Hg, respectively. The mean of these measurements was used in analyses. Height was measured using a wall-mounted, adjustable measuring scale, and weight was measured with a calibrated scientific weight scale. Body mass index was calculated as weight in kilogras divided by height in meters squared. Blood samples were collected for hemoglobin A 1c , random glucose, and total and low-density lipoprotein and high-density lipoprotein cholesterol measurements.
Psychometric Assessment of VSF
Vision-specific functioning was measured using the VF-11 questionnaire, a modified version of the VF-14 that has been culturally validated for a Singapore population. 22 The questionnaire was translated into Malay, Tamil, and Mandarin and then backtranslated into English by bilingual interpreters. Participants were given the choice to be interviewed in Malay, Tamil, Mandarin, or English. For Chinese participants who spoke nonwritten dialects, such as Cantonese, Hokkein, Hakka, and Teochew, the VF-11 was verbally translated by each interviewer using identical translations to avoid contaminating the results. Items 1 to 9 were rated on a 5-point Likert scale that ranged from 1 (no difficulty) to 5 (unable to do because of my vision). The remaining 2 driving items had 3 response options: 1 (no difficulty), 2 (a little difficulty), and 3 (a great difficulty). Rasch analysis assessed the psychometric properties of the VF-11 by using the Andrich rating scale model 23 , and linear regression models were then used to determine univariable associations between AMD and VSF. Initially, we conducted multiple linear regression analyses to explore the association between AMD and VSF in the full SEED sample (N = 9962). Because we observed an independent ethnic effect on VSF (eTable 1 in the Supplement), we conducted a stratified analysis for ethnicity to determine if the β coefficients for the association between AMD and VSF differed by ethnicity, and we conducted multiple linear regression analysis in each of the 3 ethnic groups separately. All 3 models were adjusted for clinically important variables, including age, sex, PVA (better eye and worse eye), educational level, income, smoking status, hypertension, diabetes, cardiovascular disease, total cholesterol level, and the presence of diabetic retinopathy, glaucoma, and cataract. To facilitate interpretation of the β coefficients in a clinically meaningful way, the coefficients were converted into adjusted means to obtain the relative changes and are presented in percentage form. Associations were considered statistically significant at P < .05; all values were 2-sided. The P value for trend was estimated by considering AMD severity (none, early AMD, or late AMD) as an ordinal variable in a linear regression model. Statistical analyses were performed using Stata, version 12.0 (StataCorp LLC).
Results
Among the 9962 participants, mean (SD) age was 58.8 (10.4) years and 4909 (49.3%) were male. There were ethnic differences in most sociodemographic and clinical variables ( When stratified by ethnicity, VSF worsened as the severity of AMD increased for all 3 ethnic groups ( Table 2) . For example, in the Chinese group, mean (SD) VSF scores were 4.07 (0.88) for no AMD, 3.91 (1.00) for early AMD, and 3.00 (1.91) for late AMD (P < .001). Similarly, in subanalyses ( Figure) , Chinese participants with early AMD and late AMD had lower VSF than those with no AMD (β = −0.16; 95% CI, −0.28 to −0.04; P = .007 vs β = −1.07; 95% CI, −1.42 to −0.71; P < .001). Malay participants with late (but not early) AMD also had worse VSF (β = −1.14; 95% CI, −1.69 to −0.58; P < .001) than their counterparts with no AMD; however, there was no association between VSF and AMD severity among the Indian participants.
In multiple regression models, compared with no AMD, early AMD was associated with a small reduction in VSF (2.9%; β = −0.12; 95% CI, −0.23 to −0.00; P = .046) in the Chinese group but not in the Indian and Malay groups ( Table 3) . Moreover, Chinese participants with late AMD had a clinically significant 19.1% loss of VSF (β = −0.78; 95% CI, −1.13 to −0.43; P < .001). In Malay participants, those with late AMD had a 13.5% reduction in VSF (β = −0.49; 95% CI, −1.01 to 0.04; P = .07) compared with their counterparts without AMD, and there was a linear decrement in VSF as AMD severity increased (P for trend = .001). In contrast, late AMD was not associated with VSF (β = 0.12; 95% CI −0.47 to 0.72; P =. 68 ) among Indian participants. When we included worse-eye PVA instead of better-eye PVA in the multiple regression models (eTable 3 in the Supplement), the results were similar, with the exception that late AMD was now independently associated with lower VSF in Malay participants (β = −0.55; 95% CI, −1.08 to −0.03; P = .04) and early AMD was no longer independently associated with VSF in Chinese participants (β = −0.11; 95% CI, −0.22 to 0.01; P = .07).
Discussion
In our population-based study of nearly 10 000 adult Chinese, Malay, and Indian participants, we found ethnic differences in the association between AMD and VSF that are independent of factors traditionally associated with visionrelated quality of life, such as VA and socioeconomic status. Both early AMD and late AMD were associated with poorer VSF in Chinese participants, and there was a trend toward worse VSF with increasing AMD severity in Malay participants; however, there was no association between AMD severity and VSF in Indian participants. This information is important for clinicians, researchers, and policy planners in designing culturally sensitive interventions to improve participation in daily living activities for different ethnic groups with AMD. Longitudinal research to identify the underlying factors contributing to these observed ethnic differences in VSF is needed. Preventive strategies to stop or slow the progression of AMD are also warranted given that even early AMD was associated with reduced VSF in Chinese participants.
Although our findings support other population-based studies in Singapore that have reported ethnic differences in quality-of-life outcomes, 26,27 they indicate some interesting differences as well. In our study, AMD had the least effect on VSF in Indian participants and the greatest effect on VSF in Chinese people. In contrast, Thumboo and associates 26 found that, compared with Indian ethnicity, Chinese and Malay ethnicities were associated with higher scores in the physical functioning, role-physical, bodily pain, social functioning, role-emotional, and mental health domains of the 36-Item Short Form Health Survey (Rand Corp). Indian individuals reported higher scores than the Chinese only in the general health domain. Conversely, a study examining ethnic differences in psychosocial factors, knowledge, and adherence behaviors in a multiethnic population of people with diabetes in the United States found that Asian Indian individuals had the most positive outlook for their disease, were the least worried about the future, and reported higher social support compared with their non-Hispanic white, Hispanic, and black counterparts. 8 Conceptual models suggest that the influence of ethnicity on health is mediated through socioeconomic factors and sex. 28 Indeed, studies in the United States have found that However, the association between AMD and VSF in Chinese participants in our study was independent of sex as well as educational level and income, both proxy indicators of socioeconomic status. This finding is consistent with the multiethnic, population-based studies in Singapore described previously, 26, 27 in which the influence of ethnicity on health-related quality of life was also independent of socioeconomic status. However, many factors may mediate the association between AMD and VSF, such as coping skills, adaptation to vision loss, social support, illness perceptions, use of alternative medicine, identity, and minority status, all of which vary according to religious and cultural backgrounds. 31 There are also genetic 32 and ethnic 2,19 factors underlying the prevalence, incidence, and pathogenesis of AMD and its subtypes. 33 More research is needed to elucidate the underlying pathophysiological, behavioral, psychosocial, and cultural reasons behind the ethnic differences reported in our study. If modifiable factors such as health beliefs or barriers to accessing eye care are found, these can be targeted to improve VSF in the different ethnic groups in Singapore. It is possible that the independent effect of ethnicity on VSF in our Chinese sample results from ethnic differences in the psychometric properties of the VF-11. 34 However, although the psychometric properties of the VF-14 have not been directly compared across the 3 ethnic groups, the instrument has shown good agreement in Chinese populations. 35 Similarly, we did not find any item bias for ethnicity during Rasch analysis, suggesting that psychometric issues are unlikely to be driving the ethnic difference. However, researchers using the VF-11 should adjust for ethnicity in analyses to reduce risk of type I error.
Strengths and Limitations
Strengths of our study include its large sample size and population-based study design, meaning that the results are likely to be generalizable to the Singapore population with AMD, as well as our use of Rasch analysis to generate interval scores for VSF. Because the 3 ethnic groups share a similar environmental background and access to resources, the potential confounding influence of differences in language and environment was minimized. 27 Although our study may be less generalizable to Chinese, Malay, and Indian individuals outside of Singapore because of differences in access to health care systems, our findings may be of widespread interest given that the 3 ethnic groups comprise a combined world population of at least 2 billion and populations around the world are becoming increasingly multicultural.
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Our study has several limitations. First, the number of people with late AMD in each ethnic group was small, which could have reduced our power to detect associations. Indeed, although the association between late AMD and VSF was of borderline significance in Malay participants, the P for trend (.001) indicated that there was insufficient power to detect the true association in this group. However, in Indians, the P for trend (.12) suggested that lack of power was unlikely to be masking a true association between AMD and VSF. Second, we have a limited understanding of why there are ethnic differences in the effect of AMD on VSF because we did not measure potentially important clinical, cultural, psychosocial, behavioral, and cognitive factors. For example, it is possible that different ethnicities have different visual demands that can influence how they report visual function, and there may be a strong social desirability bias in some ethnic groups but less in others. Third, the observed ethnic differences in our study may be related to Abbreviations: AMD, age-related macular degeneration; VSF, vision-specific functioning.
a Adjusted for age, sex, presenting visual acuity (better-seeing eye), educational level, income, smoking status, hypertension, diabetes, diabetic retinopathy, cataract, glaucoma, cardiovascular disease (myocardial infarction, angina, or stroke), and total cholesterol level. For definitions of early and late AMD used in this study, see the Assessment and Definitions of AMD subsection in the Methods section.
b Reference category; data for VSF score are given as mean (SD).
c P value for trend by the χ 2 test.
d Data for VSF score are given as β coefficient (95% CI).
e Indicates a statistically significant association (P < .05).
f Indicates a statistically significant and clinically meaningful association.
differences in subtypes of late AMD, as polypoidal choroidal vasculopathy is a common subtype of exudative AMD in Asians; however, evidence suggests that deficits in vision-related quality of life resulting from polypoidal choroidal vasculopathy and typical neovascular AMD are similar. 5 Finally, there were statistically significant differences in sociodemographic and health-related factors across the ethnic groups, which could have been driving the observed differences in VSF. However, differences were not systematic and are therefore not likely to be indicative of bias. Moreover, when these variables were included in regression models, the magnitude of the associations between AMD and VSF remained unchanged (data not shown).
Conclusions
Late AMD was associated with a clinically meaningful 19% deficit in VSF in Chinese participants even when accounting for presenting visual acuity and socioeconomic status. A similar trend was observed for Malay participants but not for Indian participants. Culturally sensitive interventions to improve VSF for Chinese and Malay people with AMD may be warranted. More research is needed to untangle the factors influencing the observed ethnic differences and inform communication strategies to help understand the impact of disease in different populations. Screening for early detection and management of AMD is needed to curb the progression of the disease and minimize its effect on VSF. ) in patients with late age-related macular degeneration (AMD) in the SEED study. The VF-11 questionnaire asks respondents about difficulty in functioning across a range of common activities. Although this questionnaire needs to be adapted for local context (eg, removing questions about driving for Singaporeans, where car ownership is very low), it has been widely used internationally and is considered sensitive to measuring the effects of late, but not early, AMD. 4 The central finding of the study by Fenwick and colleagues is that (keeping other factors equal in multivariate models that included sociodemographic factors, ocular and systemic comorbidities, and visual acuity) scores on the VF-11 were 19.1% worse in the Chinese patients (P < .001); were 13.5% worse in the Malay patients, although the results were not statistically significant (P = .07); and were unchanged in the Indian patients (P = .68) among those with late AMD compared with those without AMD.
Previous investigations 3 into the validity of the VF-14 questionnaire included testing differential item functioning (DIF) to determine whether different groups within the same sample, despite an equal level of functioning, respond differently to individual items. Cultural DIF was found between Singaporean Malays and Western populations, but there was no DIF for age, sex, type of eye disease, degree of visual impairment, and comorbidities. This cultural DIF was limited to just 1 item on the VF-14-"recognizing friends." 3 Fenwick and colleagues 2 suggest that the VF-11, because of its psychometric features, performs differently across ethnicities, which is an interesting and novel finding. The SEED study, because it comprises 3 cross-sectional studies involving approximately 10 000 Chinese, Malay, and Indian participants, is an ideal opportunity to investigate the effects of ethnicity on patient-reported health outcomes. Nevertheless, a study that uses other research methods is needed to illuminate the mechanisms behind this ethnic difference in reporting visual function. Although this finding is of considerable interest, it remains unclear how it can be translated into better AMD care for the multiethnic patient population in Singapore. The patient's perspective is important to meeting health care needs in an era of patient-centered care. However, if self-reporting of visual function varies by ethnicity, it lends uncertainty to how accurately visual function is being reported. Differences might be explained by cultural variations in communication style or biases against reporting difficulties in daily life. Either way, differences in self-report between ethnic groups is relevant to the broader challenge of health literacy, in which 
